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Indian Standard
SPECIFICATION FOR DJAGNOSTIC MEDICAL X-RAY EQUIPMENT
PART 2 PERFORMANCE REQUIREMENTS

( First Revision
0. FOREWORD

0.1 This Indian Standard ( First Revision ) was adopted by the Indian Standards Institution on 16 June 1986, after the draft finalized by the Electromedical Equipment Sectional Committee had been approved by the Electrotechnical Division Council.
0.2 This Indian Standard was first published in 1975, and is revised in two parts incorporating certain modifications, particularly in respect of momentary output and leakage current test. 0.3 While Part 1 of the this standard ments, Part 2 specifies performance x-ray equipment. specifies general and safety requirements of diagnostic rcquiremedical

0.4 For the purpose of deciding whether a particular requirement of this standard is complied with, the final value, observed or calculated, expressoff in accordance with IS : ing the result of a test, shall be rounded 2-1960*. The number of significant places retained in the rounded off value should be the same as that of the specified value in this standard.

1. SCOPE 1.1 This standard I( Fart 2 ) specifies performance requirements for all types of diagnostic medical x-ray equipment ( and parts thereof) as defined in Part 1 of this standard.
*Rules for rounding off numerical values ( revised ). 3

IS : 7620 ( Part 2 ) - 1986 2. TERMINOI,OGY 2.0 l'or 111c j)t~t'i~)sc of this standard, llte clrlii~itioris as givrn iIj IS : 18W+ ( 1';1rt ~13/scc: :! )-1977* and Part 1 01` this stalici;tl~d, shall al)l~ly. 3. GENERAL 3. I Physical REQUIREMENTS and Mechanical Requirements throughout which are and finishccl with the fit for this particular

3.1.1 S-ray cqliipment sllould employ materials suitable for tllc: ljarticulnr llsc and should be made degree of unifornlity and grade of workmanship equipment.

3.1.2 Attachment plugs, circuit-breakers, cords, fuseholders, fuses, lampholders, motor-operated components, receptacles, switches, etc, which :lrc proviclcd as parts oL`x-ray equipment shall be chosen with respect to tllc,ir suil.;Ll)ility for tlic particular application and shall conform to appropriate Indian St:tndar-d. In case an Indian Standard is not available it will bc as agreed to bctwccn the manufacturer and the purchaser. 3.1.3 The enclosure shall be so formed or provided with barriers that the supporting surface will be protected against ignition by falling brands or molten material in the event of failure of the equipment. 3.1.4 I'or unreinforced, flat sllrfaces in general, cast metal should be not less tllan 2 mnl in thickness, exrcpt that malleable iron may be not less than 2.3 mm in thickness and cl&cast metal may be not less than 2 mm in thickness. Corresponding tllickness 01` not less than 1.2, 1.5 and 1.2 mm rcspcctivcly, may bc acceptable if the surface is curved, ribbed, or otherwise reinforced, or if the shape and/or size of the surface is such that adequate, mechanical strength is provided. 3.1.5 Equipment shall be built in such a manner tha.t its electrical insulation may not be affected adversely by water condensing on the cold surfaces, by water leaking from receptacles, hoses, couplings and the like. 3.1.6 It shall not be possible which indicate the setting of operation ( incorrect setting ) patient or user ( for example, controls ), as well as actuating 3.2 Switches, Fasteners to fix in a wrong position actuating parts switches or setting devices, the incorrect of which may be the cause of danger to mains switches, circuit-breakers or power parts which have to be removed in use. Components

and Other

3.2.1 Switches, lamp holder, attachment plug, receptacle plug connection, or similar device shall be mounted securely and prevented from turning by means other than friction between surfaces. *Electrotechnical practice. vocabulary : Part 43 Electrical equipment used in medical

4

1s : 7620( Part 2 ) - lb86 3.2.2 Screws, washers and nuts of insulating materials shall not be used if there is danger of their being replaced during maintenance or repairs by commercial metal parts and the protcctivc insulation or reinforced insulation is adversely affected thereby. 3.2.3 Protective sleeving shall only be used as supplcmcntary insulation on insulated internal wires and shall be held in position by suitable means. 3.2.4 Fluoroscopic screens whenever provided with the x-ray equipment shall have light-proof cover. 3.3 Corrosion Protection 3.3.1 Iron, steel, aluminium and any other metallic part shall IX suitably protected against corrosion by enamelling, painting, galvanizing, ploting or other equivalent means. 3.3.2 Equipment subject to spillage of liquid in normal use shall be constructed in such a manner that its electrical insulation is not adversely affected by such spillage.

3.3.3 The equipment humidity.

shall withstand the effect of normal

atmospheric

3.3.4 Equipment which contains batteries shall be built in such a manner that the insulation is not adversely affected by leaking acid or alkali. 3.3.5 All part of the equipment including electric parts should be so treated as to avoid the growth of fungus in normal use and storage. 3.4 Temperature Rise - Materials employed in x-ray equipment, shall not be affected adversely by the ed under any condition of normal operation and also normal idling ( 12 hours ). The temperature-lise of materials shall not exceed the values given in Table standard. 3.5 Supply connections the construction of temperature attainunder condition of different parts and 1 of Part 1 of this

3.5.1 The equipment which is not intended to be permanently connected to a fixed installation shall be provided either with a permanent connection lead or appliance inlet suitable to be connected with the appliance connector without difficulty. 3.5.2 Either rubber insulated flexible cords conforming ( Part 1 )-1977* or PVC insulated flexible cords conforming I977t shall be used for the above connection. to IS : 9968 to IS : 694-

*Specification for rubber-insulated cables : Part 1 With copper conductors ( rcuised ). tSpecilication for PVC insulated cables ( for working voltages up to 1 100 volts ).

5

IS : 7620 ( Part 2 ) - 1986 3.5.3 Equipment intended installation shall he provided of proper sizes. for permanent with lead entries, connection to conduit entries stationary or glands bc provided

3.5.4 Equipment for permanent stationary connection shall with terminals which permits connection by screws or nuts. 3.5.5 Terminals shall be constructrd in suclt a manner ductors arc clamped with adequate contact prcssurc between without damage to the conductors. 3.5.6 sizes. Bolted terminals shall be provided terminals specially with washers

that the conmetal surfaces of appropriate conduc-

3.5.7 The tor terminals 3.6 Wiring

mains connection shall be arranged and Wiring

including the protective close together.

Terminals

3.6.1 The wiring and connections between parts of x-ray equipment shall be adequately protected Or enclosccl, except that a suitable length of flexible cord or cable may be employed for external wiring or for mter' connection between various components of the equipment if flexibility is essential. 3.6.2 An inslrlatrtl conductor shall not be exposed to nil, grease, oily vapour, Or 0ttlc.r sutsl;ltlco IialJli: to aff~ ct insrrlation advi~rsi~ly unless the insulating corrlpr~rrrtrt 11~s 1Jec.n rc,cognizcd as being suit&c for such
USagC.

Nfwlr enc.lwlrc~,

/\ ~on~i:~rICC is

IlrIl~%\ Illat

(.onsirl~md to tw* c~xposc~1 to oil if it tou&s !~lll~l~)~lirl~ IS wrll~~ll~tvl" Sl~alcYI.

an oil-fillctl

3.6.3, 3.7

Alun~inium

conductors

should

not bc used

for internal

wiring.

Live Metal

Parts otlrcr t!lan silver, copper, p:crty shall bi: suitable tungsten alloys
or a copper

3.7.1 A rectal for current-carryitlg arr 3.8

for the p;rrticular are among

alloy employed application. which

3.7.2 Carbon and rcrtnirr acceptal)lc li,r corll::i'ts. X-ray 3.8.1
rliJt

the materials

Table
i~f nKWe

lfcigltt
\JC

th(k tal)lc
ttlari 870

top frown floor
inIn.,

level

w1rc.n I)lly:;ic~nlly mrasurrd

StlcJUtd

3.8.2 Table top material shall bc of uniform density and shall not cast any shadow when viewed with s-ray on a srrcen anil shall not have any void or foreign material to interfere with fluoroscopic or rarlio;;raphic exxrnit~atiim.

IS : 7620 ( Part 2 ) - 1986 3.8.3 The table top shall be of such material so that it can be washed with cold soap water. It shall not have any deterimental effect on application of chemical/dyes used in special radiographic investigation. 3.8.4 The filtration of table top shall be specified and shall not be more than 1 mm of aluminium at 80 kVp. 3.8.5 The table top, when physically checked, shall be capable of taking 100 kg distributed load at horizontal position without any appreciable sag at the middle of the table top. The sag shall not be more than 18 mm. 3.8.6 The motor driven table shaJl be capable of raising 100 kg load on the head end of the table from any position of the chassis tilt. 3.8.7 Screen frame or spot film device shall be parallel and square with table top within 3.00 mm per 300 mm in all positions of the chassis. 3.8.8 Maximum drag, that is, force in kg to overcome friction at minimum constant soeed for screen snot film carriage and buckv in tilt table shall be specified by the manufa&er with locks off and on for tilt table as indicated in the following table:
Part Table in Horizontal Position ~___ _. -v--_--~ Tuble in Vertical Posif ion c--__-~_-_---~

Locks Off Screen/sport film carriage Longitudinal travel Cross Travel, Compression movement Bucky Longitudinal

Locks On

Locks Off Locks On

3.8.9 Maximum travel of screen/spot film device and bucky shall be specified by the manufacturer as in the following table: Part Travel

Screen/sport

film device

Longitudinal cross Compression

-

mm mm mm

-mm

Bucky

Longitudinal

3.8.10 The screen frame or spot film device shall be coupled with the tube head in such a manner that both move together firmly. 7

IS : 7620 ( Part 2 ) - 1986 3.`) Tubestand 3.9.1 Maximum I)e spccificd. 3.9.2 and minimum travel of tube focus from ground shall

Maximum longitudinal movement of tube focus shall be specified. and minimum cross travel of the focus shall be

3.9.3 Maximum specified.

3.9.4 Maximum drag, that is, force in kg to overcome friction at minimum constant speed shall be specified according to the following table: Movement Force kg h---y c----Locks Off Locks On

Vertical Horizontal Cross 3.10 Collimator 3.10.1 Visual means shall be provided to find out the approximate radiated area without energizing x-ray at distances at which radiographs are taken normally. 3.10.2 Where light beam or other visual means are provided to find out the area to be exposed the indicated area shall be at least 2 mm more than the actual exposed area at a distance of 1 m. 3.10.3 screen. Central beam shall be within 3 mm of the centre of the film/

4. MARKINGS 4.1 X-ray apparatus and parts thereof, in so far as they form a separable component, shall be provided with permanently and clearly legible markings as given in Part 1 of this standard. 5. CATEGORIES OF TESTS namely, 5.1 General - Tests are broadly classified into two categories, type tests and routine tests. 5.1.1 The following shall constitute the type tests: a) Test for accuracy of indication for the x-ray control ( b) Test for stabilization with internal temperature x-ray control ( see 6.3 ) ; 8

SC6 6.2

);

changes for the

fS : 7620 ( Part 2 ) - 1986 c) Recycling time required ) ; test for the x-ray control ( see 6.4 ) ( where

d) Milliampere stabilization

test for the x-ray control ( see 6.5 ); ( see 6.6 );

e) Timer test for x-ray control g) Test for interlocks ( 6.8 ); h) Installation test ( see 6.9 );

f ) Stator voltage and current test ( 6.7 );

j) Grid pattern test ( for potter bucky and x-ray grid ) ( see 6.10 ); k) Grid clear up test ( for potter bucky and x-ray grid ) ( see 6.11 ); m) Potter bucky motion and synchronism test grid ( see 6.12 ); n) Exposure angle and location of objective section devices ( see 6.13.1 ); p) Flatness of plane test ( 6.13.3 ); q) Tomographic resolution test ( see 6.13.4 r) Section thickness test ( see 6.13.5 s) Magnification ); ); ); plane test for body

test for body section devices ( 6.13.6

t) Test on x-ray table ( see 6.14 ); and u) Test on tube stand ( see 6.6 ). 5.1.2 A test certificate may be produced in lieu of the actual type test specified under (j) to (r). 5.1.3 The following shall constitute the routine tests: and inspection ( see 6.1 );

a) Visual examination

b) Timer test for x-ray control ( see 6.6 ); c) Stator voltage and current test ( see 6.7 ); d) Test for interlocks ( see 6.8 ); e) Installation test ( see 6.9 ); and f ) Test on x-ray table ( see 6.14 ). 6. TESTS 6.0 General - During tests for accuracy internal temperature changes, recycling, stator voltage and current, interlocks, and top, the mains resistance shall not exceed of indication, stabilization with milliampere stabilization, timer, meters installation and spinning the values shown in Table 1.

6.0.1 Method of calculation and measurement of mains resistance and momentary output is shown in Appendix B of Part 1 of this standard.

9

TABLE

1

MAINS

RESISTANCE AND CORRESPONDING MOMENTARY DIAGNOSTIC X-RAY GENERATORS ( &.zztsc6.0

OUTPUT

OF

.. z
h

t:

)
No, OF RECOMMENDED3/l SLOW PHASES PHASE CONVERSIOZ~ ILL;;
TRAN~;OARMERIN

e
7 3

TYPE OF GENERATOB

MAXIMUM kVp

MAXIMUM MA~IMLX.I MAINS RESISTANCE CURREP(T MO~~K~;TARY IN ohms AT h____~ OUTPUT IN RATJN~ IH C--mA kW 240 v 415 V Line Line (3) 7 20115 25 60/50/40 100 100 160 200/ 100 3OOi200 700/500/300 500/400/300 300/250/200 500/400/300 (4) 0'3 1'0 2'0 3-a a.0 a.0 12.8 16.0 24'0 40'0 40'0 32'0 50'0 100 (5) 1.6 1'0 0.6 0'4 0'2 0'4 0'3 4'2 -_ (6) 3'0 2.0 1.2 O.6 1'2 1'9 0'6 0.5 0.2 0'2 0'5 o-3 O-2

RATIHJ A (7) -

," I

(1)

(2)

(8)
Not required Not required Not required 10 20 10 15 20 30 50 5oNot applicable Not applicable Not applicable

(9)
6 10 10 20 20 20 25 30 35 60 60 25 35 60

`;
8

r
!
Single pulse (

1
I

100 80/90/100 100

655;*5

1
1 3 or 1 3 or 1 3 or !. 3or 1 3 or 1 3 3 3 3 3 3

100 100 1001125 Two pulse 4 100/125 I i 70/100/125 1 100/125/150 :

i

Six and twelve pulse

100/125/150 I i 100/125/150 100/125

1 ooo/aoo

IS:7626(Part2)-1966 6.1 Visual Examination and Inspection - The diagnostic x-ray equipment shall be visually examined, measured and inspected for conformity with the relevant requirements specified. 6.2 Test for Accuracy of Indications 6.2.1 Peak Kilovolts- The peak kilovolts shall be determihed with a peak voltage measuring instrument at 70 and 40 percent of rated output voltage at various radiographic milliampere levels indicated on the x-ray equipment but not exceeding the milliamperes for designated output voltage, and at a fluoroscopic levels of approximately 3 milliamperes. Care and caution shall be taken to keep all high voltage circuits away from ground and to make certain that personnel avoid contact with exposed high-voltage system. 6.2.1.1 lest value - The values indicated on the peak kilovoltmeter and the x-ray equipment indications shall not differ by more than f 4 percent. 6.2.2 Milliamfieres - This test is intended to be used as a proof test to determine the true anode current and may be used as a calibration means for the existing current indications of the x-ray equipment. This test uses a comparison of the indication of added test instruments with the indicating means of the x-ray control. These added test instruments shall be D'Arsonval type milliammeters with an accuracy of + 1 percent of full scale. If a milliampere-second meter is required, it shall have an accuracy of f 5 percent of full scale. The test instrument shall be this high voltage generator. If the shall be rectified by a suitable full the x-ray equipment shall be set at flashover. connected into the grounded lead of current is alternating at this point, it wave bridge rectifier. Kilovoltage on the lowest reasonable value to prevent

The test instrument should not be touched as it will be at a lethal potential. Exposures shall be made at 100 percent and at approximately 70 and 40 pe.rcent of the range of each current indicator on the equipment. The test instrument indication and the x-ray equipment indication shall be recorded. The mA indicator may consist of either a meter, dial, push button, or calibration chart for programmed x-ray control. 11
l
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6.2.2.1 Test value - The test instrument indication equipment indicator shall be compared. The difference readings shall not exceed the following iimits:

and the x-ray between these

a) Radiograpic X-ray equipments 8 percent X-ray equipments 5 percent b) Fluoroscopic All x-ray equipments

with with

rated rated

output output

current current

< >

300 300

mA mA

IO percent

6.3 Test for Stabilization With Internal Temperature Changes The x-ray control shall be supplied with rated line voltage after being deenergized for at least 4 hours. It shall then be energized and the, peak kilovoltage set at 75 percent of rated output voltage. At the end of 5 minutes, three O-2 second exposures shall be made at approximately 25,50 and 75 percent of rated output current. The values of milliamperes shall be recorded as ` milliamperes for cold unit `. The control shall be energized ( but not operated ) for 8 hours. At the end of this time, the exposures called for as above shall be repeated, The values of milliamperes obtained shall be recorded as `milliamperes for hot unit'. 6.3.1 Test Value - The values of `milliamperes for hot unit' shall be compartd with the values of `milliamperes for cold unit'. The difference between these values shall not exceed the specified percentage given below: X-ray equipments with rated output current < 300 mA X-ray equipments with rated output current > 300 mA 6.4 Recycling
Time Test

20

percent

10 percent

6.4.0 This test applies only to x-ray equipments in which load switching if performed in the high-voltage generator primary circuit. A typical test method is given in 6.4.1 to 6.4.6.

6.4.1 Automatic Test Device - The automatic test device shall consist of a full-wave bridge rectifier, the alternating-current terminals of which are connected to the control circuit of the timer being checked in place oi the exposure push button switch. These connections shall bi made through terminals A and B. The direct current terminals of the bridge shall be made shunted with a sensitive silicon controlled rectifi& and an ad,justable firing circuit ( see Fig. 1 ).

12
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DIODES 0,-f& IN 2060 OR EQUIVALENT ALL RESISTORS, t/zw R,

SCOPE CONNECTIONS MEASURING RECYCLE

FOR

-TEST

DEVICE

/

FIG. 1 TEST DEVICE - AUTOMATICTEAT DEVICE SWITCH`~ERMINLAS FOR TIMERCONTROL,CIRCUITS OF (30-130 VOLTS AUTISRNATIKGCURRENT OR UNFILTERED RIXTIFIED ALTERNATING CURRENT ONE AMPEREMAXIMI~~T

13

tSt?'620( Part 2 )-1986
6.4.2 Test Circuit - When the timer is connected to its power source timer control voltage will appear across terminal A and B and simultaneously across the alternating current side of the bridge rectifier. A very small current will flow due to capacitor Cl charging through Rl-R2 and D6. During this period of charging, the silicon controlled rectifier is not conducting so that the impedance from terminals A to B is, too high to permit the timer control circuit to operate. When capacitor Cl reaches a potential of about 65 volts, the neon lamp will ignite and discharge the capacitor through current-limiting resistor R4 into the silicon controlled rectifier ( SCR ) gate. With the silicon controlled rectifier conducting, the impedance at terminals A and B is reduced to a very low value. Hence the timer will turn on for an exposure. The on period will last for at least ten cycles at the faster repetition rate. This will have the same effect as holding down the exposure switch for ten cycle or more and will allow testing of timers having a minimum time setting of l/l0 second or less. Recycling does not begin until the on period ends, so recycling time measurements are not affected by the length of the on period. The off period is adjustable from 1 to 10 cycles. 6.4.3 Electrical Connections - An oscilloscope shall be connected to the x-ray control primary circuit as shown in Fig. 2 so that it will be energized by the alternating current supply for the duration of the timed interval terminals A and B of the automatic test device, shall be connected to the timer being tested in place of its usual exposure iuitiating means. 6.4.4 Test Procedure - The timer shall be set for its shortest interval. The repetition rate control ( R2 in Fig. 1 ) of the automatic test device shall be set for maximum resistance. The timer, when energized, will pulse. The,oscilloscopk indicating the timed interval in cycles. The oscilloscope shall be closely observed under these conditions for a time sufficient to determine the consistancy of the timer in making the repeated exposures. Should occasional error be noted in the duration of the timed interval, its pattern shall be established as accurately as possible, for example, one bad exposure for every ten correct ones, etc. The resistance of the rate control, R2, of the automatic test device shall be slowly decreased while continuing to observe the oscilloscope pattern for any shortening of the timed interval or an increase in inconsistency, if any, were present originally. When this point is reached the control shall be advanced slightly to where the correct interval is once again observed. This setting shall represent the minimum period of de-energization that will permit the timer to properly reset. 6.4.5 Measuring Timer Recycle Time - The oscilloscope shall be connected to terminals A and B of the automatic test device in addition to the timer connections. The timer recycle time shall be read to the nearest cycle ( or millisecond ) from the oscilloscope screen ( see Fig. 2 ). 14

1s : 7620 ( Part 2 ) - 1986 6.4.6 Test Value - The minimum period of de-energization that will permit the timer to properly reset shall not be more than 1 cycle for electronic timers and 4 cycles for mechanical contactors.
NOTE This test is only to be conducted where use demands.

X- RAY

CONTAC

TOR

TO HIGH-VOLTAGE TRANSFORMER PRIMARY

SINGLE

PHASE

FIG

2 METHOD OF CONNECTING OSCILLOSCOPE X-RAY PRIMARY CIRCUIT TO ACCURATELY MEASURED TIMED EXPOSURE

6.5 Milliampere

Stabilization

Test

6.5.0 General- The rated supply voltage used for the milliampere stabilization test shall not vary by more than 2.5 percent and the frequency of the supply shall not vary by mure than f 1 percent. 6.5.1 Test for Stabilization with Su&d~ Voltage Changes

6.5.1.1 The voltage to'x-ray control shall be adjusted to the nominal voltage by adjusting the line voltage for operating the line voltage adjustment. The peak kilovoltage shall be set at 60 percent of rated output voltage and O-2 second exposures shall be made at 50 percent of rated output current or greater. The values of milliamperes obtained shall be recorded as `milliamperes for normal line voltage'. 6.5.1.2 The line voltage shall be set to 94 percent of nominal. The kilovoltage shall be set to the same indicated value as in 6.5.1.1, but no other adjustments shall be made. The exposures called for in 6.5.1.1 shall be repeated and the values of milliamperes obtained shall be recorded as `milliamperes for low line voltage'. 6.5.1.3 The supply line voltage shall be set to 106 percent of nominal. The kilovoltage shall be set to the same indicated value as in 6.5.1.1, but no other adjustments shall be made. The exposures called for in 6.5.1.1 shall be repeated and the values for milliamperes obtained shall be recorded as `milliamperes for high line voltage'.

15

IS : 7620 ( Part 2 ) - 1986 6.5.1.4 Test due - The values of `milliamperes for low line voltage' and the values of`milliamperes for high line voltage' shall be compared with the values .of `milliamperes for normal line voltage'. The diflerence between these readings shall not exceed the percentage value indicated below : X-ray equipment with rated output current X-ray equipment with rated output current and X-ray equipment with rated output current < f > 100 mA 10 percent 300 mA 100 mA 5 percent

> 300 mA 2.5 percent

6.5.2 Testfor Stabitr'zation with Peak Kilovoltage Changes 6.5.2.1 The x-ray equipment shall be supplied with rated line voltage. Peak kilovoltage shall be set at 75 percent of rated output voltage, and 02 second exposure shall be made at 25 and 75 percent of rated output current. The values of milliamperes shall be recorded as milliamperes for base peak kilovoltage. 6.5.2.2 The peak kilovoltage shall be raised to 90 percent of rated output voltage, but no other adjustments shall be made. The exposures called for in 6.5.2.1 shall be repeated, and the values of milliamperes obtained shall be recorded as milliamperes for the high peak voltage. 6.5.2.3 The peak kilovoltage shall be lowered to 60 percent of rated output voltage, but no other adjustments shall be made. The exposures called for in 6.5.2.1 shall be repeated, and the values of milliamperes obtained shall be recorded as milliamperes for the low peak kilovoltage. 6.5.2.4 Test value - The values of milliamperes for the high peak kilovoltage and the values of mrlhamperes for the low peak kilovoltage shall be compared with the values of milliamperes for the base peak percentage value indicated below : X-ray equipment with rated output current X-ray equipment with rated output cur+ and X-ray equipment with rated output current 6.5.3 Testfor Stabilizatioi ation. 6.6 Timer Test for X-ray < < 3 100 mA 300 mA lOOmA 10 percent 5 percent 2*5 percent

> 300 mA

with Change of Frequency Control

Under considera-

6.6.1 Class A Timers - Class A Timm,shall have a minimum setting of not more than one electrical cycle. Class A timing devices shall make and break the supply circuit to the x-ray tube at a phase angle chosen to minimize arcing or transients for the specific type of contactor and high-voltage 16

IS : 7620 ( Part

2 ) - 1986

generator. This -will usually be approximately zero electrical degrees for mechanical contactors and thirty electrical degrees for electronic tube contractors. The Class A timing devices shall repent at the same electrical angle consistently within f 10 percent. A timer shall not exceed those listed below : Time in Seconds o-01 to 0.500 0.501 to maximum range Maximum 0.1 half cycle 2 percent

6.6.2 Class B Timers - Class B timers shall have aminimum setting of not more than three electrical cycles. Class B timing devices may make or break the supply circuit to the x-ray tube at random in respect to the position of the alternating current wave. The errors of Class B timers shall not exceed one half electrical cycle or 2 percent, whichever, is greater. 6.6.3 Class C Timers - Class C timers shall have a minimum setting of not more than six electrical cycles. Class C timing devices may make or break the supply circuit to the x-ray tube at random in respect to the position of the alternating current wave. The errors of Class C timers shall not exceed one electrical cycle or 5 percent, whichever, is greater. 6.6.4 Class D Timers - Class D timers shall have a minimum setting of not more than O-25 seconds. Class D timing devices may make and break the circuit at random in respect to the position of the alternating current wave. The errors of Class D timers shall not exceed three electrical cycles or 6 percent, whichever is greater. 6.6.5 Oscilloscope shall be used for testing for $0' to `O-5' second. For measuring above O-2 second, digital counter or synchronous clock may be used. 6.7 Stator Voltage and Current Test - For tubes of rotating anode type the stator voltage and current shall be verified for compliance wrth the limits specified by the manufacturer for these quantities. All interlocks such as stator interlock, timer 6.8 Interlock Tests interlock, bucky interlock and tube rating interlock shall be tested as per manufacturer's specification where the interlocks are operated electrically or mechanically. 6.9 Installation
Tests

6.9.1 Step Wedge Tests 6.9.1.1 Figure 3 gives a dimensional aluminium or aluminium alloy. 17

sketch of step-wedge made of
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All dimensions

in millimetrer.

FIG. 3

STEP-WEDGE

6.9.1.2 Test method - Take a picture of the step-wedge at 213 of maximum kV at minimum mA setting, that is, 5 to 10 mA at say 25 percent of the rated maximum mA. This is to be used as reference radiograph. Keep kV and mA constant and take pictures at different mA stations given in the equipment. Compare the radiogra.phs with test radiograph. 6.9.Z.3 stations. The penetration should be almost same in all the mA

6.9.2 Spinning Top Test 6.9.2.1 A recommended

sketch of spinning top is shown in Fig. 4.

6.9.2.2 Test method - Set the control as approximately 213 of the peak kV and any mA station. Set the unit to O-04, 0.05, 0.06 or nearest values. Take a radiograph. The radiograph with show time in seconds x 100 number of dots in full wave rectified equipment and time in seconds x 100 number of dots in self and half-wave rectified 2 equipment at 50 cycles. NOTE- The step-wedge
supply of film and darkroom test and spinning top telt are subject facilities by the urer. to availability of

6.10 Grid Pattern Test 6.10.1 Place the x-ray tube in such a position that the central perpendicular to and intersects the centre of the grid. ray is

6.10.2 The focus-grid distance shall be adjusted so that the focal spot of the x-ray tube is on the convergence line of the grid. 18
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DETAIL OF ROUND DISC

\-ROUNODISC
Marrrial Spring Brass Brass Brass in millimetres. steel

Part Pin Round disc Spinning top Spinning top assembly All dimensigns

FIN. 4

SPINNING TOP

6.10.3 A radiograph shall be made of the grid alone, using the proper exposure for `x-ray energy, focus-grid distance, film speed, and intensifying screens being used. The radiograph shall be inspected for uniformity of grid pattern, freedom from splits, inclusion of foreign material, etc. 6.10.4 Test Value - The grid pattern shall be uniform, without abrupt changes in photographic density on the test film. The grid shall be free of splits and shall be free of inclusions of foreign material in the intended useful areas of the grid. 6.10.5 Number of grid lines and grid ratio shall be checked for compliance with the value specified by the manufacturer.
NOTE For this purpose, manufacturer's test certificate may be accepted.

6.11 Grid Clean-up Test 6.11.0 For the purpose of securing comparable measurements, a photoelectric method of measuring grid clean-up is described because of its sensitivity and ieproducibility. Alternate methods which produce comparable results may be used. 19

IS : 7620 ( Part 2 ) - 1986 6.11.1 Phantom - A water phantom having an area of 300 x 300 mm and a depth of 200 mm shall be used. When a range of depths is desired, 100,200 and 300 mm are recommended. The containers shall be made of acrylic plastic, polyethelene or any other material not containing heavier elements, such as sulphur or chlorine. The thickness of the bottom shall not exceed 10 mm. 6.11.2 X-my Source - The x-ray tube shall have a total ( inherent + added ) filtration of approximately 2 mm of aluminium at 60 kV and 4 mm of aluminium at 100 kV. The high voltage applied to the tube shall have a ripple of less than 10 percent. Grids shall be tested at 60 and 100 peak kilovolts. 6. I 1.3 Radiation Detector --.A fluorescent screen incombination with a photo-multiplier shall be used as the radiation detector. The fluorescent screen shall be approximately 20 mm in diameter and shall be of a calcium tungstate medium-speed type, backed with 0.5 mm of aluminium for electron absorption. The photo-multiplier tube shall be of any type yielding at least 20 amperes per lumen. The photo-multiplier tube voltage shall be regulated within 0.1 percent ( Jee Fig. 5 ). 6.11.4 Test Procedure - The x-ray tube focal spot shall be placed 1 m perpendicularly above the centre of the grid. The diameter of the x-ray beam at the surface of the grid towards the tube shall be 360 mm ( except when measuring primary radiation only ). The grid shall be placed 10 mm below the bottom of the phantom. The distance `from the bottom of the grid to the fluorescent screen shall be 20 mm. The photo-multiplier tube shall be shielded from ionizing radiation and exposed only to the visible light produced by the fluorescent screen ( see Fig. 6 ). Scattered radiation alone shall be measured when the 5 mm diameter lead shield is placed above the phantom as shown in Fig. 6 with the grid removed, but all other factors remaining the same, relative scattered radiation will be indicated. Total radiation It is measured when the lead shield is removed from the above phantom. With the grid in place, Z't will be indicated, and with the grid removed, It will be indicated again. To measure primary radiation ( I, ) only, a very narrow beam of x-ray must be used. It shall be collimated down to just over the area of' the fluorescent screen. The water phantom, or narrower water container holding the same depth of water, shall be raised close to the x-ray tube to reduce any effects of scattered radiation from the small volume being irradiated ( see Fig. 7 ). With the grid removed, I', will be indicated. 20
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-LEAD

DIAPHRAGM APERTURE 50 DIA

5mm

THICK

\;ADZIASHIELD rob0

5mm

THICK

MAX

WATER

PHANTOM

LUORESCENT SCREEN 0.5mm ALUMINIUM EADGLASS 5mm Pb EQUIVALENT R L.IGHT PIPE DEVICE -LEAD SHIELD

All dimensions

in millimetres.

FIG. 6

SET UP FOR MEASURINGSCATTEREDAND TOTAL RADIATION the bucky factor, selectivity

Compute the transmission and thereby, and contrast improvement factor as follows : = Transmission, I = i,/l TP = I',/I, = transmission Ts = Z'JI, = transmission Tt c I't/I, = transmission Bucky factor B = It/It' = of scattered

of primary radiation, radiation, of total radiation, 1

Tt ' Selectivity Z = T,,/Ts, and Contrast improvement factor K = Tp x B = Tp/Tt, 6.11.5 Test Value The test values shall be as given in Table 2. Test

--

6.12 Potter-Bucky Motion and Synchronism

6.12.0 A potter-bucky shall be selected and set up in accordance with Fig. 8 and the method described in 6.12.1 to 6.12.7 shall be followed. 22
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LEAD

DIAPHRAGM NARROW 330X50mm WATER DIA

LEAD

DIAPHRAGM

FIO. 7

SET up FORMEASURINGPRIMARYRADIATION

6.12.1 Obtain a piece of sheet, lead at least 76 mm x 203 mm x l-6 mm thick. Cut a slot in the middle, of one long edge. Make the slot 13 mm long and from its end into a sharp V as shown in Fig. 9. This piece may be of some other size as long as its length is greater than two times
,LEAD SHIELDS 1 ~2351

>

WOOD

ST RIPS

iR `RDESsHTOWN
PO ISITION1; I II

CENTRE X-RAY TUBE "s-nr ZT TARGET TO ISTANCE IN iikiii~T=~~~T WITH GRID

A11dimensions in millimetres. Fro. 8 SETTINGUP OF POTTERBUCKY 24

IS : 7620 ( Part 2 ) - 1986 the total travel of the grid. With adlwsive type, tape fxtcn the slottrcl piece of lead to the top of the grid as shown in Fiz. 10. Be sure the slot in tllf: lead piece is directly over the cent re of the grid.

All dimensions in millimetres. F1o.9 SLOTTING OF LEAD SHEET

6.12i2 Place strips of wood across the potter-bucky tion shown and arrange the strips of wood to support least 203 x 355 x 1.6 mm thick as shown in Fig. 0.

frame in the.directwo lead shields at

6.12.3 Place an aluminium step wedge as shown in Fig. 0 so that one of its edges will rest on the lead shield. Be sure that the weight of the lead shields and the step wedge does not bend the wood st.rips down so that they contact the grid or grid carriage. If leaded rubber is used as

GRID SHOWN IN REST POSITION

All dimensioris in millimetres. FIG. 10 FASTENING OF THE LEAD SHEET

25

IS : 7626 ( Part 2 ) - 1986 shielding, additional wood strips may be necessary to prevent sagging of the shielding. It is very important to place the lead shields with respect to width and opening exactly as shown in Fig. 8. 6.12.4 Place the x-ray tube over the centre of the potter-bucky grid area and at the proper focal spot to grid distance as shown in Fig. 8. 6.12.5 Place a piece of adhesive tape on the edge of an 180 x 240 mm cassette with film and mark it in accordance with Fig. 11.

180

x240 CASSETTE

-LEAD NUMBERS (ALSO ADO EXPOSURE TIME IN CYCLES) (EXP l/ls=6 1
All dimensions in millimetres.

~

FIG. 11 MARKINGOF THE CASSETTE 6.12.6 Insert the cassette into the cassette tray with the number 1 mark in line with the centre indication in the cassette tray clamps as shown in Fig. 12. Place the cassette tray into the potter-bucky in its proper position and make an exposure with the potter-bucky energized at the minimum time recommended for the grid used. Set the x-ray controls so that the aluminium step wedge will produce light to dark density ranges on the radiograph. 6.12.7 Move the cassette so that mark number 2 is in the centre of the tray as shown in Fig. 12 B and make another exposure of increased time. Continue in this manner as shown in Fig. 12 C and 12 D until the appropriate time range is covered. 26
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VARIOUS CASSETTEPOSITIONS 27
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12C Position 3

1

LOCK

12D Posltion 4 Fra.

12

VARIOUS CASSETTE POSITIONS 28
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6.12.9

Develop ~hc film.
Film Interpretation -

The radiograph

produced

by this teat will

indicate the following.
6.12.9.1 The grid speed will be indicated by the image of the slot in the piece of lead which was secured to the moving grid. The distance travelled during the exposure can be measured and, also the pulses of xray can be counted as a check against the timing indicated numerically on the film. The varying densities psoduced by the step wedge allow observation for grid lines and synchronization at specific time settings as indicated on the radiograph.

6.12.10 Test Value - The grid speed shall be such that all exposure times for which the potter-bucky is specified, the film exposed under the aluminium step wedge will be free of grid lines when the film is observed on an illuminator at a distance of 300 mm or greater. 6.13 Rody Section Devices
6.13.1 Exbosure Angle and Location of Objective Plane - The test object ( see Fig. 13 ) shall consist of a sloping sheet of 0.5 mm thick lead foil containing a narrow slit marked off with opaque wires across the slit at 10 mm intervals in height. A horizontal sheet of lead foil shall be perforated with ;L single hole, R in line with the slit. The angle of the slope shall be 45 degrees.

Place the x-ray tube so that the central ray is perpendicular to the objective plane. Place the test object on the table top so that the single hole (R) is directly in line with the central ray. ( For a rectilinear motion, the slit can be at right angles to the1 movement, though it is not necessary. An exposure shall first be made with the central ray perpendicular to the objective plane; this will record an image of the single hole and of the slit. The tube and system shall then be moved to any angle, the hole covered with Iead, the hoIe uncovered; and a tomographic exposure made with the system adjusted to obtain the maximum exposure angle possible. The resulting radiograph should appear similar to that shown in Fig. 14 and shall be used to obtain the height of the plane (E). The exposure angle shall be derived from the excursion of the image of the hole to each side of the central dot ( see Fig. 15 ), where tanq = (D--h) &/Ah tanas= (D---h) 32/A/z.

29
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The same procedure with a pluridirectional system will produce a radiograph similar to Fig. 16 which shows the trace of the dot with an elliptical motion. It may he shown that the exposure angles for the long and short axis of the ellipse can be derived in the same manner as for a rectilinear motion. The exposure angles for a more complex system can be obtained in the same manner.

I

I

I
TOP VIEW

J

1

END

VIEW

NOTE -A sheet of lead covers the top and sloping side. The top has a small hole, R. in lim: with the slit. A slit shown in the end view is crossed by radiation opaque wires spaced 10 mm apart.

FIG. 13

THREE VIEWS 017 Tr:sr OBJECT F~)R DETERMINING THE EXPOSURE ANGLE AND THE LOCATION OF THE OBJIXCTIVEPLANE

I

FIG. 14

TOM~GRAM OBTAINED POR RECTILINEAR MOTION WITH THE TEST OBJECT SHOWN IN FIG. 13

30

IS : 7620 ( Part 2 ) - 1986

\

`a

I*-0,

c?,,

7
I

NOTE- The values of h, S1 and 5's and the position tomogram such as in Fig. 14. A is the focus-film distance moved by the focus during exposure.
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E are obtained from a and T is the distance

FIG. 15

DIAGRAM FOR DETERMININGTHE EXPOSURE ANGLE FOR

RECTILINEAR MOTION

FIG. 16

TOMOGRAM OBTAINED FOR ELLIPTICAL MOTION WITH THE TEST OBJECT SHOWN IN FIG. 13

6.13.2

Test Value

6.13.2.1 Objective plane - The measured objective plane shah coincide with the indicated objective plane of the equipment within f 2.5 mm.
6~13.2.2 Exposure angle - The measured exposure angle shall coincide with the indicated exposure angle ( if any ) of the equipment within f 3 degrees.
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of the flatness of plane shall be 6.13.3 Flatness of Plane - An estimate made after the objective plane has been located in accordance with Fig. 13 as follows: a) Insert any convenient wire mesh screen ( flat over its entire surface to approximately 1 mm and of the same approsimnte area as the cassette ) into the beam at the exact height of the plane as determined from Fig. 13 and exactly parallel to the table top. a tomograph,

b) Make

If the resultant radiograph displays the mesh in even focus, the plane is flat. If the plane curves, place the screen approximatly 2 to 3 mm lower and make a second tomograph and then 2 to 3 mm lower and make a third tomograph. Inspection of the three tomographs will establish the degree and direction of the plane curvature. 6.13.3. accordance plane.

I. Test
with

flatness of plane shall be in value - The measured the manufacturer's specified tolerance for flatness of

6.13.4 Tomogra#hic Resolution - The tomographic resolution shall be determined by a test object consisting of a uumber of wires varying in diameter from 0.2 mm to 3-O mm separated by their own d~nrnetor ( see Fig. 17 ). ( A simple way to obtain the wire separation is by winding two wires close together on a flat sheet of x-ray transparent material and then to remove one wire. The remaining wire on one side of the sheet can then be fixed with a cellulose adhesive, The wire on the other side is then removed by shearing in the adhesive. The wire on the other side is then removed by shearing in the edges of the sheet ). The test object shall be placed at an angle so that each wire intersects the objective plane, A tomograph shall be taken at total exposure angle of 30 degrees, with the objective plane 100 mm above the table top and with the movement at right angles to the length of the wires. The minimum diameter of wires which can be seen shall be taken as the measure of the tomographic resolution. This test also evaluates the mechanical stability and alignment of the apparatus. 6.13.4.1 in accordance capabilities. 6.13.5

Test value with

The measured tomographic resolution shall be the manufacturer's specified tomographic resolution

Section Thickness shall be determined in accordance with

6.13.5.0 The section thickness the method given in 6.13.5.1.
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from 0.2 to 3 mm in diamrtcr in groups of five are sllitable and NOTE-Wires I'nrnll~~ll~~d radiation-opaqne wires are the support can Ix about 100 mm widv. spaced by a distance equal to their own diamctcr. Wire solder can lx> used for I to 3 mm diameters.

6.13.5.1 TPT/ ml-t/rod - Wind a cylinder 70 mm in clinmeter I!!0 mm long \vith lvirr to a pitch of 10 mm ( SCE Fig. 11L2 ;. The wirr be 1 mm in di;unrtcr. Fix a *.virr coaxially with the objcrt and in the cylinder fi!m axis. to serve as a test for alignment

and shall

of

focus

which

Placc'thc cylinder so that its long should intersect the cylinder. Take> tomographs at the typical

axis is normal

to the ol,jective

plane

operating

limits

of the tnmographic

system. of one of tlic wire turns more The tomograph will sholv ;I portion distinctly, and the area can bc rrlatrd to 360 dr~rcrs and tllc 10 mm pitch. For example, 90 x IO/S 602.5 mm ( see Fig. ICB ). The 10 mm pitch can bc increased to 20 to 40 mm whur are such that a whole turn of the IO mm pitch is rrsc~lvctl. Section 6.13.5.2 -& 80 percent thickness = arc x pitch/360. conditions

Test v&r of the section

The measured section thickness shall 1~. within thickness spccific~i I)y the ~rrnr~~~f;~c.t~~~.c.t,.
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`&ENU?A` 18A Cylindrical a Helically-Wound or More

WIRE 18B

\

\

\ Tomogram

Test Object with Wire of 1 mm Diameter SECTION

Resultant

FIG. 18

`THICKNESS TEJT OBJECT POSITIVE CONTRAST

6.13.6 MagniJication Test - The magnification of the image in relation of the object can simply be derived from the following formula: Magnitication Al = focal spot to film distance --77------. focal spot to ObJecttve plane drstance

6.14 Test on `X-ray Table - The conformity with the requirements of 3.11.2 shall be verified by fluoroscopic checkwith x-ray. The conformity with the requirements of 3.8.3 shall be checked with actual application of chemicals and dyes to be made on table and clean it with soap water. Conformity with 3.8.4 shall be checked with the radiation output measurement with suitable dosemeter. The conformity with the requirements of 3.8.8 shall be checked by actual measurement by means of a spring balance. 6.15 Test QP Tube Stand - Compliance with the requirements shall be checked by measurement with spring balance. of 3.9.4
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